The role of microplastic (MP) as a carrier of persistent organic pollutants (POPs) to 18 aquatic organisms has been a topic of debate. However, theoretically, the reverse POP 19 transport can occur at higher relative contaminant concentrations in the organism than in the 20 microplastic. The effect of microplastic on the PCB removal in planktonic animals was 21 evaluated using the cladoceran Daphnia magna with a high body burden of polychlorinated 22 biphenyls (PCB 18, 40, 128 and 209) exposed to a mixture of microplastic and algae (with 23 77% MP by mass); daphnids exposed to only algae served as the control. As the endpoints, 24 we used PCB body burden, growth, fecundity and elemental composition (%C and %N) of 25 the daphnids. We found that PCB 209 was removed more efficiently in the daphnids fed with 26 microplastic, while there was no difference for the ΣPCBs between the microplastic-exposed 27 and control animals. Effects of the microplastic exposure on fecundity were of low biological 28 significance, even though both the starting PCB body burden and the microplastic exposure 29 concentrations were high and greatly exceeding environmentally relevant concentrations. 30 2 31 32 Microplastic (MP, particles < 1 mm [1]) are emerging contaminant in our 33 environments. Concerns have been expressed that microplastic may compromise feeding of 34 aquatic organisms and facilitate transfer of organic pollutants in food webs [2,3]. Indeed, 35 these small plastic fragments are being ingested by a variety of organisms, e.g. fish [4], 36 bivalves [5], polychaetes [6], and zooplankton [7], with still unknown consequences. 37 Commonly reported effects of microplastic exposure include decreased food intake [8] and 38 increased chemical exposure, for example, via leakage of potentially toxic additives [9] or 39 chemicals sorbed to microplastic particles surface from ambient water [10]. 40 Filter-feeders are vulnerable to potential impacts of microplastics. Negative effects 41 of pristine microplastic on food intake and growth have been reported for a range of 42 zooplankton, e.g. the cladoceran Daphnia magna [11] and the copepod Calanus 43 helgolandicus [8], albeit at high concentrations of microplastics used in the experiments. 44 Moreover, for these animals at the lower trophic levels, the exposure to environmental 45 contaminants absorbed to microplastic is of particular relevance for bioaccumulation in the 46 food web and contaminant transfer to higher consumers. Therefore, it is important to 47 establish whether organic and inorganic contaminants can be transferred when planktonic 48 filter-feeders ingest microplastic [13,14]. Because persistent organic pollutants (POPs), such 49 as polychlorinated biphenyls (PCBs), are hydrophobic, they have strong partitioning towards 50 plastic and compartments that are rich in organic carbon, e.g. biota and sediment [14]. Due to 51 their physicochemical properties, e.g., high plastic-water partition coefficient combined with 52 a high surface to volume ratio, microplastic particles are efficient in sorbing hydrophobic 53 substances [15]. Hence, microplastic can act as a vector for POPs between a consumer and its 54 environment. 3 55 Several experimental studies that address microplastic-mediated POP transfer, from 56 the environment to biota, were done by investigating non-contaminated animals exposed to 57 microplastics loaded with POPs [10,16-18]. Such settings are, however, rarely relevant 58 [19,20]. The ecologically plausible scenario should include consumers, microplastic and 59 other compartments, such as natural suspensions of particulate matter, food, or sediment. 60 Besseling et al. (2017) explored such a scenario by following PCB bioaccumulation in the 61 lugworm Arenicola marina, with or without polyethylene microplastic added to the sediment 62 [20]. In line with previous modelling studies [21,22], a limited microplastic effect was found 63 -indicating that microplastic has limited relevance to the bioaccumulation in situ, as the 64 ultimate direction of POP transport between the biota and plastic is a function of the the 65 chemical fugacity gradient. In other words, if the POP concentration in the animal is higher 66 than that in the microplastic, the contaminants will eventually be sorbed by the plastic and 67 removed from the animal [23]. While this scenario is established in theory [22,23], the 68 empirical data are still scarce. More experimental studies are, therefore, needed to validate 69 models [19] and to understand the role of microplastic in POP transport. 70 We explored whether exposure to microplastics (1) facilitates depuration of PCBs, 71 similar to the sought remediation effect by adding activated carbon to contaminated 72 sediments [24], and (2) alliviates effects of the PCB exposure on growth (somatic and 73 reproductive) and elemental composition (carbon, %C, and nitrogen, %N) in the model filter-74 feeder D. magna ( Straus, 1820) . These effects were studied experimentally by -first -75 feeding D. magna neonates with PCB-contaminated food to allow for PCB accumulation in 76 the body. Then, the animals were offered a non-contaminated food with or without 77 microplastic addition. The changes in the somatic and reproductive growth, elemental 78 composition and PCB concentrations of the animals were evaluated at the end of the PCB 79 exposure (juveniles) and the end of the depuration period (egg-bearing adults). We 4 80 hypothesised that (I) the addition of microplastic to the system would facilitate removal of 81 PCB from the daphnids, and, thus, a lower PCB body burden in the microplastic-exposed 82 daphnids will be observed, and (II) a lower PCB body burden would result in higher somatic 83 growth, fecundity and increased allocation of carbon and nitrogen, in the animals exposed to 84 microplastic after PCB-exposure. 85 Methods 86 Test organisms 87 The freshwater cladoceran Daphnia magna (environmental pollution test strain 88 Clone 5, the Federal Environment Agency, Berlin, Germany), were cultured in M7 media 89 [25] at a density of 1 ind. 100 mL -1 and fed a mixture of green algae Pseudokirchneriella 90 subcapitata and Scenedesmus spicatus. The algae were cultured in the MBL medium under 91 constant light (70 E cm -2 s -1 ) and temperature (24 C). Algal concentrations were 92 determined using a 10AU™ Field Fluorometer (Turner Designs, Sunnyvale, California, 93 USA) and established calibration curves. 94 Polychlorinated biphenyls (PCBs) 95 Four PCB congeners (AccuStandard Inc., New Haven CT) covering a range of 96 hydrophobicity within the substance group (Table 1, PCB 18, PCB 40, PCB 128 and PCB 97 209) were solved in toluene (AnalaR NORMAPUR VWR Chemicals) using equal 98 proportions of each congener (by mass). This working stock was mixed with freeze-dried 99 Spirulina (Arthrospira spp., Renée Voltaire AB, Sweden) and dried for 16 h under a stream 100 of nitrogen to remove the toluene. The resulting absorption of PCB by Spirulina was 101 quantified by gas chromatography-mass spectrometry (GC/MS, Table 1 ). The PCB-loaded 102 Spirulina was suspended in 100 mL M7 and kept at +4° C before use in the feeding mixture.
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7 151 23% to the total suspended solids in the system, respectively. According to a mass balance 152 (S2 Text), this amount of microplastic was expected to produce a measurable difference in 153 the Daphnia body burden between the treatments at the end of the depuration phase.
154
Elemental analysis 155 The animals designated for the DW and elemental analyses were placed in pre-156 weighed tin capsules (4-10 individuals sample -1 depending on body size, n = 4-5 samples 157 treatment -1 ), dried at 60 C for 24 h, weighed using a Sartorius M5P electronic microbalance, 158 and stored in a desiccator. The C and N content was expressed as a mass fraction of DW (%C 159 and %N, respectively). The analytical precision of was 0.9% for %C and 0.2% for %N (S4 160 Text).
161
PCB analysis 162 All daphnids used for the PCB analysis were scanned using CanoScan 8800F flatbed 163 scanner with ArcSoft PhotoStudio 5.5, and the images were used to determine BL (mm) and 164 fecundity (embryos female -1 ). 
Where C t is the concentration of a PCB congener at the time (t) in the depuration 185 phase and C o is the concentration at the onset of depuration (µg PCB g DW Daphnia -1 ). The 186 elimination rate constant was determined by first estimating the overall elimination rate 187 constant and then adjusting the rate constant by the growth rate constant for an individual, in 188 order to account for growth dilution as a factor in determining the elimination rate kinetics:
Where k is the overall elimination rate constant (d -1 ), k e and k g are the final first-191 order elimination rate constant (d -1 ) and the growth rate constant (d -1 ), respectively. For each 192 replicate, k g was calculated as:
where DW o is the mean individual dry weight for a treatment group at the end of the 195 accumulation phase, and DW t is the mean individual dry weight of a replicate at the end of 196 the depuration phase.
10 221 contributed ~45-80% to their k values ( Fig 2B) , with higher values for congeners with lower 222 logK OW and no differences between the treatments. Fig 3A-C) . At the 248 end of the depuration phase, the PCB-exposed animals were significantly smaller (by 9% and 249 4% for DW and BL, respectively), whereas no microplastic effect on either DW or BL was 250 observed (Table 2 , Fig 3A) . For all PCB-exposed daphnids, there was a significant negative 251 relationship between the BL and PCB 209 concentration in the adults (GLM, Wald Stat. 1, 11 = 252 6.0, p = 0.01). Moreover, the %N values were significantly lower in the PCB-exposed 253 daphnids compared to the control, with no additional effect exerted by microplastic (Table 2, 254 Fig 3B) . The %C values were also negatively affected by PCB exposure and, furthermore, a 255 microplastic effect was observed, with %C values being significantly lower in the 256 microplastic-exposed daphnids ( Table 2 , Fig 3C) . The fecundity was positively related to the 257 BL, with a significant positive effect of microplastic on the intercept of this relationship in 258 the PCB-exposed animals (Fig 4, The role of plastic debris as a carrier of POPs to aquatic biota has been much 282 debated, but most of the evidence suggests that the bioaccumulation is mainly governed by 283 the ingestion of natural prey [31] . Here, we tested whether microplastic can increase the 284 transport of PCBs from small zooplankters with short gut residence time using a scenario that 285 included both food and microplastic in the exposure system. According to the mass balance 286 model of our depuration system (S2 Text), we anticipated a higher PCB 209 elimination in 287 the daphnids receiving microplastic compared to those fed only algae. This was indeed the 288 case, whereas there was no effect on the ΣPCBs despite the high plastic amount in the 289 experiment. Thus, our first hypothesis that microplastics can increase PCB elimination in 290 daphnids was confirmed, at least for the high-molecular-weight congeners.
291
The positive relationship between hydrophobicity of the PCBs and the contribution 292 of growth to its elimination ( Fig 2B) 
300
The slower elimination of PCB 209 compared to the other congeners was most 301 pronounced in the microplastic-free depuration treatment, resulting in a half-life of 4.1 d, 302 whereas addition of microplastic decreased it to 2.0 d (Fig 2A) 
323
Our second hypothesis that lowered PCB body burden in the microplastic-exposed 324 daphnids would result in higher fitness was also partially supported. The addition of 325 microplastic to the food did not affect growth, altough, the reproductive output increased.
326 However, the positive effect of microplastic on the daphnid reproduction was only significant 327 in combination with PCB exposure and coincided with the higher elimination of PCB 209 in
